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(54) SURFACE WAVE DEVICE 




(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a surface wave device which has various 
electromechanical coupling coefficients by forming a thin film, made of a 
dielectric material wherein the sound speed of a transverse wave is faster than in 
a piezoelectric ceramic substrate and an interdigital electrode which is in contact 
with it on the piezoelectric ceramics substrate. 

SOLUTION: On a piezoelectric ceramics substrate 2, a dielectric thin film 3, 
wherein the sound speed of a transverse wave is faster than in the piezoelectric 



ceramic substrate 2 is formed. Namely, a surface wave substrate is composed of 
a laminate structure of the both. Further, the interdigtal electrode 4 is formed on 
the boundary surface between the top surface of the piezoelectric ceramics 
substrate 2 and the reverse surface of the dielectric thin film 3. Comb-teeth 
electrodes 4a and 4b constitute an end surface reflection type surface wave 
resonator and electrode finger which are positioned on the outermost sides in the 
direction orthogonal to the extending direction of the electrode fingerss extend 
along the end edges formed of the two opposite end surfaces 23a and 2b and 
the top surface of the piezoelectric substrate 2. Then the surface wave substrate, 
which has a desired electro-mechanical coupling coefficient, can be constituted 
by adjusting the material and thickness of the dielectric thin film 3. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Surface wave equipment characterized by having the surface wave 
substrate which has the dielectric thin film with which it is surface wave 
equipment using a BGS wave, and it is formed on the piezo-electric ceramic 
substrate and the above-mentioned piezo-electric ceramic substrate, and the 
acoustic velocity of a transverse wave consists of late dielectric materials rather 
than a piezo-electric ceramic substrate, and at least one INTADEJITARU 
electrode formed so that said dielectric thin film might be touched. 
[Claim 2] Surface wave equipment according to claim 1 with which said at least 
one INTADEJITARU electrode is formed in the interface between said piezo- 
electric ceramic substrates and said dielectric thin films. 
[Claim 3] Surface wave equipment according to claim 1 or 2 further equipped 
with the metal membrane formed in the top face or inferior surface of tongue of 
said dielectric thin film. 

[Claim 4] Surface wave equipment given in any of claims 1-3 which are end-face 
reflective mold surface wave resonators they are. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface wave equipment 
using the surface wave substrate with which the more big electromechanical 
coupling coefficient K in a detail is obtained about the surface wave equipment 
using a BGS wave. 
[0002] 

[Description of the Prior Art] In recent years, the surface wave equipment which 
used the BGS wave for the band-pass filter, the resonator, etc. is proposed 
variously (for example, JP,51-33582,A etc.). With the surface-wave equipment 
using a BGS wave, the INTADEJITARU electrode is formed for excitation on 
piezo-electric ceramic substrates, such as PZT. 

[0003] Generally not only with the surface wave equipment using a BGS wave 
but with surface wave equipment, it depends for the band property etc. on the 
electromechanical coupling coefficient K of a surface wave substrate. That is, 
when an electromechanical coupling coefficient K constitutes a surface wave 
filter by using a large surface wave substrate, a passband can be extended and 
an insertion loss can be made small. Therefore, also in the surface wave 
equipment using a BGS wave, the surface wave substrate ingredient with a large 
electromechanical coupling coefficient K has been examined variously 
conventionally (for example, JP,5-275967,A, JP,5-226965,A, etc.). 



[0004] 

[Problem(s) to be Solved by the Invention] It depends on the electromechanical 
coupling coefficient K of a surface wave substrate for the band property of 
surface wave equipment of having used the BGS wave as mentioned above. 
Therefore, by the low insertion loss, when it is going to acquire a wide band 
property, it is necessary to use the surface wave substrate which has the 
electromechanical coupling coefficient K according to this band property. 
[0005] However, the surface wave substrate which has the electromechanical 
coupling coefficient K considered as a request may not be known, and, in such a 
case, the ceramic ingredient for constituting a surface wave substrate must be 
developed. However, the surface wave substrate which has the 
electromechanical coupling coefficient K which ingredient development takes a 
great effort and time amount to, therefore is considered as a request was not 
able to be quickly made preparation according to the application. 
[0006] The purpose of this invention has little constraint by the electromechanical 
coupling coefficient K of the ceramic ingredient itself, and is to offer the surface 
wave equipment using a BGS wave using the surface wave substrate with which 
the electromechanical coupling coefficient K considered as a request is obtained. 
[0007] 

[Means for Solving the Problem] Invention according to claim 1 is surface wave 
equipment using a BGS wave, and is characterized by having the surface wave 
substrate which has the dielectric thin film with which it is formed on the piezo- 
electric ceramic substrate and the above-mentioned piezo-electric ceramic 
substrate, and the acoustic velocity of a transverse wave consists of late 
dielectric materials rather than a piezo-electric ceramic substrate, and at least 
one INTADEJITARU electrode formed so that said dielectric thin film might be 
touched. 

[0008] In invention according to claim 2, said at least one INTADEJITARU 
electrode is formed in the interface between said piezo-electric ceramic 
substrates and said dielectric thin films. Moreover, in invention according to claim 



3, it has further the metal membrane formed in the top face or inferior surface of 
tongue of said dielectric thin film. 

[0009] In addition, in this specification, the above-mentioned transverse wave 
shall mean a wave with perpendicular direction and direction of wave 
propagation of a variation rate. An invention-in-this-application person takes an 
example by ingredient development of electrostrictive ceramics taking long 
duration as mentioned above. If an INTADEJITARU electrode is further formed in 
the interface of a piezo-electric ceramic substrate and a dielectric thin film in this 
surface wave substrate using the surface wave substrate which comes to form a 
dielectric thin film on a piezo-electric ceramic substrate as a result of examining 
many things It came to accomplish a header and this invention for the big 
electromechanical coupling coefficient K considered as a request being obtained 
by being able to obtain the big electromechanical coupling coefficient K and 
adjusting the thickness and the ingredient of a dielectric thin film further. That is, 
this invention is found out experimentally. 

[0010] In addition, about the ingredient which constitutes the above-mentioned 
piezo-electric ceramic substrate, as long as a BGS wave can be excited, it is not 
limited and what consists of electrostrictive ceramics like piezo-electric single 
crystal substrates, such as LiTa03 and LiNb03, or the titanic-acid lead zirconate 
system ceramics can be used. 

[001 1] moreover, the dielectric thin film which is not limited, for example, consists 
of organic materials, such as piezo-electric thin films, such as CdS, and 
POMIIMIDO, as long as the acoustic velocity of a transverse wave is slow also 
about the ingredient which constitutes the above-mentioned dielectric thin film 
compared with the above-mentioned piezo-electric ceramic substrate, and PbS 
and Nb 205 etc. -- the dielectric thin film which consists of an inorganic material 
can be used. 

[0012] About the thickness of the above-mentioned dielectric thin film, by 
changing the thickness of this dielectric thin film, an electromechanical coupling 
coefficient K can be changed and it is not limited especially. Moreover, the 



surface-wave equipment concerning this invention does not have the description 
to have the above-mentioned surface-wave substrate and at least one 
INTADEJITARU electrode, is limited neither about the number of 
INTADEJITARU electrodes, nor especially arrangement, and can apply this 
invention to various surface-wave equipments, such as a surface-wave filter 
which has an end-face reflective mold surface-wave resonator and two or more 
INTADEJITARU electrodes. 
[0013] 

[Embodiment of the Invention] Drawing 1 is the perspective view showing the 
surface wave equipment concerning one example of this invention. Surface wave 
equipment 1 has the structure in which the dielectric thin film 3 with the acoustic 
velocity of a transverse wave slower than the piezo-electric ceramic substrate 2 
was formed on the piezo-electric ceramic substrate 2. That is, the surface wave 
substrate is constituted by the laminated structure of the piezo-electric ceramic 
substrate 2 and the dielectric thin film 3. And the INTADEJITARU electrode 4 is 
formed in the interface of the top face of the piezo-electric ceramic substrate 2, 
and the inferior surface of tongue of the dielectric thin film 3. The INTADEJITARU 
electrode 4 has the sinking comb electrodes 4a and 4b of a pair. The sinking 
comb electrodes 4a and 4b have one or more electrode fingers, and they are 
arranged, respectively so that a mutual electrode finger may put each other in 
between. 

[0014] Here, the sinking comb electrodes 4a and 4b are formed so that an end- 
face reflective mold surface wave resonator may be constituted. That is, the 
direction where an electrode finger is prolonged among two or more electrode 
fingers, the direction which intersects perpendicularly, and the electrode finger 
located in an outermost part are formed so that the edge of opposite 2 end-face 
2a of the piezo-electric ceramic substrate 2, 2b, and a top face to accomplish 
may be met. 

[0015] About the piezo-electric ceramic substrate 2 and the dielectric thin film 3, it 
can constitute with the various ingredients mentioned above. Since the 



laminating of the dielectric thin film is carried out on the above-mentioned piezo- 
electric ceramic substrate 2, and the surface-wave substrate is constituted and 
the INTADEJITARU electrode 4 is formed in both interface, the surface-wave 
substrate which has the electromechanical coupling coefficient K considered as a 
request can consist of this examples by adjusting the ingredient and thickness of 
the dielectric thin film 3. This is explained with reference to drawing 2 - drawing 6 . 
[0016] first - as a piezo-electric ceramic substrate - Pb(Ti, Zr) 03 from - the 
surface wave equipment of the structure shown in drawing 2 (a), (b), drawing 3 
(a), and (b) was produced using the surface wave substrate which comes to 
produce a CdS thin film by various thickness on this piezo-electric ceramic 
substrate as a dielectric thin film using what becoming. With the surface wave 
equipment 1 1 shown in drawing 2 (a), the INTADEJITARU electrode 4 is formed 
in the interface of the piezo-electric ceramic substrate 2 and the dielectric thin 
film 3 like the surface wave equipment 1 of the above-mentioned example. 
Moreover, with the surface wave equipment 12 shown in drawing 2 (b), the 
laminating of the piezo-electric ceramic substrate 2 and the piezo-electric thin 
film 3 is carried out, and the metal layer 5 is further formed in the top face of a 
dielectric thin film in the structure which formed the INTADEJITARU electrode 4 
in both interface. 

[0017] With the surface wave equipment 13 shown in drawing 3 (a), the dielectric 
thin film 3 is formed on the piezo-electric ceramic substrate 2, and the 
INTADEJITARU electrode 4 is formed on this dielectric thin film 3. In the surface 
wave 14 shown in drawing 3 (b), the dielectric thin film 3 is formed through the 
metal layer 5 on the piezo-electric ceramic substrate 2, and the INTADEJITARU 
electrode 4 is formed on this dielectric thin film 3. 
[0018] In the above-mentioned surface wave equipments 11-14, various 
thickness of a dielectric thin film was changed, the sample was produced, the 
acoustic velocity was measured, and the electromechanical coupling coefficient 
K was measured from the ** conductance of IDT based on this acoustic velocity. 
A result is shown in drawing 4 . 



[0019] In addition, the axis of abscissa in drawing 4 expresses thickness 
H/lambda (H shows the thickness of the dielectric thin film 3, and lambda shows 
the wavelength of a surface wave) by which the dielectric thin film 3 was 
standardized. In the surface wave equipments 1 1 and 12, that a big 
electromechanical coupling coefficient can be obtained and by changing 
thickness H/lambda of the dielectric thin film 3 show that the surface wave 
equipment which has various electromechanical coupling coefficients K can be 
constituted so that clearly from drawing 4 . In addition, with surface wave 
equipment 14, it also turns out that the BGS wave is not excited effectively. 
[0020] Therefore, it turns out that the surface wave equipment using the surface 
wave substrate which can obtain the comparatively big electromechanical 
coupling coefficient K, and has various electromechanical coupling coefficients K 
can be constituted from a result of drawing 4 if the INTADEJITARU electrode 4 is 
formed in an interface with the surface wave equipments 12 [ 1 1 and ] 2, i.e., a 
piezo-electric ceramic substrate, and the dielectric thin film 3. 
[0021] But also in surface wave equipment 13, it turns out that the surface wave 
substrate with which the thickness of a dielectric film 3 has various 
electromechanical coupling coefficients K in a thin field, i.e., the field not more 
than H/lambda =0.015, can be constituted. 

[0022] Therefore, by adjusting the thickness of this dielectric thin film 3 shows 
that the surface wave substrate which has the electromechanical coupling 
coefficient K which is not obtained can be constituted from an existing piezo- 
electric ceramic substrate by using the surface wave substrate in which the 
dielectric thin film 3 was formed on the piezo-electric ceramic substrate 2, 
according to this invention. 

[0023] next, a piezo-electric ceramic substrate ingredient and a dielectric thin film 
-- versatility -- alias -- accustom -- the thickness of a dielectric thin film and 
relation with an electromechanical coupling coefficient K were investigated. A 
result is shown in drawing 5 and drawing 6 . Drawing 5 is Pb(Ti, Zr) 03 (acoustic 
velocity of a transverse wave = a second 2517m /) as a piezo-electric ceramic 



substrate, this substrate ingredient is hereafter set to Pb(Ti, Zr) 03 and J. It uses, 
the dielectric thin film which consists of various ingredients is formed by various 
thickness on a piezo-electric ceramic substrate, and the result at the time of 
constituting the surface wave equipment 1 1 shown in drawing 2 (a) is shown. 
Drawing 6 It is Pb(Ti, Zr) 03 (2580m /and this substrate ingredient are hereafter 
set to Pb(Ti, Zr) 03 and K a second.) as a piezo-electric ceramic substrate. 
[ Acoustic velocity of a transverse wave = ] from -- change of the 
electromechanical coupling coefficient K at the time of forming the dielectric thin 
film which consists of various dielectric materials like the case where it is shown 
in drawing 5 by various thickness using what becoming is shown. 
[0024] In addition, CdS and polyimide were used as a dielectric thin film material. 
When Pb(Ti, Zr) 03 are used as a piezo-electric ceramic substrate so that clearly 
from drawing 5 , by forming the above-mentioned various dielectric thin films, and 
changing thickness further shows that various electromechanical coupling 
coefficients K can be realized. When the CdS thin film which has piezoelectric is 
especially formed from the result of drawing 5 and the polyimide film is formed in 
a list, it turns out that the big electromechanical coupling coefficient K is obtained. 
[0025] Similarly, when Pb(Ti, Zr) 03 and K are used as a piezo-electric ceramic 
ingredient and the CdS film and the polyimide film are formed from the result 
shown in drawing 6 , the big electromechanical coupling coefficient K can be 
obtained and it turns out especially that an electromechanical coupling coefficient 
K increases [ thickness H/lambda ] with the increment in thickness or less by 
0.08. 

[0026] Therefore, by changing suitably the dielectric thin film material and 
thickness which are formed on a piezo-electric ceramic substrate as mentioned 
above shows that the electromechanical coupling coefficient K considered as a 
request can be realized easily. 

[0027] In addition, the transverse-wave acoustic velocity of the dielectric 
materials which constitute the piezo-electric ceramic ingredient and dielectric thin 
film which were used for the above-mentioned experiment is as being shown in 



the following table 1. 

[0028] 

[Table 1] 







PZT- J 


2 5 17 


PZT - K 


2 5 8 0 


CdS 


17 6 6 




9 1 6 


PbS 


17 5 1 


Nb 2 0 5 


2 3 3 5 



[0029] 

[Effect of the Invention] It becomes possible to constitute the surface wave 
substrate which has various electromechanical coupling coefficients K which 
were not obtained from a conventional piezo-electric ceramic substrate by 
adjusting the thickness of the dielectric materials which constitute the late 
dielectric thin film of acoustic velocity, and a dielectric thin film so that clearly 
from the experimental result mentioned above, since the thin film with which the 
acoustic velocity of a transverse wave consists of a piezo-electric ceramic 
substrate from late dielectric materials is formed on a piezo-electric ceramic 
substrate and the surface wave substrate consists of surface wave equipment 
concerning invention according to claim 1. Therefore, it becomes possible to offer 
quickly the surface wave equipment using the surface wave substrate which has 
the big electromechanical coupling coefficient K according to an application or 
demand characteristics. 

[0030] It is the surface wave substrate which has the electromechanical coupling 
coefficient K considered as a request in invention according to claim 2 since the 
IDT electrode is formed in the interface between a piezo-electric ceramic 
substrate and a dielectric thin film, and it becomes possible to become possible 
to offer a surface wave substrate with an electromechanical coupling coefficient 
K big moreover, therefore to offer the surface wave equipment of a broadband 
easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the surface wave equipment 
concerning one example of this invention. 

[Drawing 2] (a) And (b) is each typical sectional view for explaining the surface 
wave equipment which comes to form a surface wave substrate and an IDT 
electrode according to this invention. 

[Drawing 3] (a) And (b) is the sectional view of each surface wave equipment 
which used the surface wave substrate which comes to carry out the laminating 
of a piezo-electric ceramic substrate and the dielectric thin film. 
[Drawing 4] Drawing showing the relation of the standardization thickness 
H/lambda of a dielectric thin film and the electromechanical coupling coefficient K 
in the surface wave equipment shown in drawing 2 and drawing 3 . 
[Drawing 5] Drawing showing the relation between a dielectric thin film material, 
and its thickness H/lambda and electromechanical coupling coefficient K at the 
time of using what consists of Pb(Ti, Zr) 03 and J as a piezo-electric ceramic 
substrate. 

[Drawing 6] Drawing showing the relation between a dielectric thin film material, 



and its thickness H/lambda and electromechanical coupling coefficient K at the 
time of using what consists of Pb(Ti, Zr) 03 and K as a piezo-electric ceramic 
substrate. 

[Description of Notations] 

1 -- Surface wave equipment 

2 -- Piezo-electric ceramic substrate 

3 -- Dielectric thin film 

4 -- INTADEJITARU electrode 

5 -- Metal layer 

11 12 -- Surface wave equipment 
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[Drawing 4] 
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[Drawing 6] 
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